Study objective: Examine trends in home smoking restrictions among employed women not living alone and assess the associations of such restrictions with smoking behaviour. Design: Multivariate logistic regression analysis of major demographic variables and household composition characteristics. Study participants: 128 024 employed female respondents to the Census Bureau's current population survey over the 10 year period 1992 to 2002. Main results: The prevalence of smoke free homes has increased significantly over the past decade. This increase was evident across all demographic and household characteristics examined with the greatest rate of increase seen among smoking households. Nearly 90% of households consisting of all never smoking adult members reported having a smoke free home in 2001-02 compared with 22% of households consisting of all smokers. The extent of smoking restrictions in the home was the most powerful determinant of cessation of all the factors examined in the regression model. Odds of becoming a former smoker (any length) and quit for three months or more were seven to eight times greater among those women reporting their homes were smoke free compared with those whose homes permitted smoking anywhere in the home. Conclusions: Smoke free homes were associated with a highly significant increase in quitting (p,0.0001). However, at this time it is not clear what proportion of the observed effect can be attributed to living in a smoke free home. None the less, the significantly increased probability of quitting correlated with having a smoke free home found in this analysis, are substantially higher than the odds reported in most workplace studies published to date; additional studies are needed to elucidate this relation.
Study objective: Examine trends in home smoking restrictions among employed women not living alone and assess the associations of such restrictions with smoking behaviour. Design: Multivariate logistic regression analysis of major demographic variables and household composition characteristics. Study participants: 128 024 employed female respondents to the Census Bureau's current population survey over the 10 year period 1992 to 2002. Main results: The prevalence of smoke free homes has increased significantly over the past decade. This increase was evident across all demographic and household characteristics examined with the greatest rate of increase seen among smoking households. Nearly 90% of households consisting of all never smoking adult members reported having a smoke free home in 2001-02 compared with 22% of households consisting of all smokers. The extent of smoking restrictions in the home was the most powerful determinant of cessation of all the factors examined in the regression model. Odds of becoming a former smoker (any length) and quit for three months or more were seven to eight times greater among those women reporting their homes were smoke free compared with those whose homes permitted smoking anywhere in the home. Conclusions: Smoke free homes were associated with a highly significant increase in quitting (p,0.0001). However, at this time it is not clear what proportion of the observed effect can be attributed to living in a smoke free home. None the less, the significantly increased probability of quitting correlated with having a smoke free home found in this analysis, are substantially higher than the odds reported in most workplace studies published to date; additional studies are needed to elucidate this relation. E xposure to secondhand smoke is an important cause of premature death and disability among non-smokers. Secondhand smoke is linked to an increased risk for lung cancer and coronary heart disease as well as asthma and other respiratory tract infections and sudden infant death syndrome. [1] [2] [3] [4] [5] The California Environmental Protection Agency (CalEPA), in a newly released report on the health consequences of secondhand smoke, estimated that secondhand smoke is responsible for roughly 50 000 non-smoker deaths annually in the USA, mostly from heart disease. 6 The two important sources of secondhand smoke exposure for most of the US adult population, are home and the workplace; while the home is the predominant source of exposure for children. 5 6 Seventy per cent of USA indoor workers now report that their place of employment is smoke free 7 and a considerable scientific database currently exists on workplace smoking policies and their potential to influence smoking behaviour of workers. [8] [9] [10] [11] Even the tobacco industry's own research has confirmed the importance of smoke free workplace policies for decreasing consumption and increasing a worker's ability to successfully stop smoking. 12 In contrast, far less is known about the potential of a smoke free home environment to influence smoker behaviour.
The data in this paper were presented at the September 2005 conference ''Tobacco control policy and low socioeconomic status (SES) women and girls'' held in Bethesda, MD and therefore focuses almost exclusively on a female population although limited data on men are presented for comparison purposes in the Discussion.
We examine trends in the prevalence of smoke free homes among employed women and the association between such restrictions and changes in smoking behaviour. We also examine some factors associated with adoption of a smoke free home policy. We used data from a series of cross sectional surveys conducted by the US Census Bureau for the National Cancer Institute over the 10 year period 1992 to 2002.
METHODS
Each month the US Census Bureau collects labour force and demographic information from about 50 000 US households as part of its ongoing current population survey (CPS). The complete CPS methodology is published elsewhere. 13 Briefly, in 1992 the National Cancer Institute (NCI) sponsored a 40 item Tobacco Use Supplement to the CPS (TUS-CPS) that collected, among other things, information on current cigarette use patterns, quitting behaviour, workplace smoking policies, and rules about smoking in the home. NCI sponsored supplements were conducted in three designated months during four overlapping calendar year periods, 1992-93; 1995-96; 1998-99; and 2001-02. On the CPS, all household members ages zero and greater are enumerated, and all household members ages 15 and above are interviewed. This allows the data to be organised and analysed by household characteristics such as whether all adult members of the household are smokers, nonsmokers, or mixed (containing both smokers and nonsmokers).
These analyses are restricted to adult female self respondents, ages 18 years of age and older. To give greater meaning to the presence of smoking restrictions in the home, we confined the analyses to respondents who did not live alone. Similarly, because we were interested in investigating the association between worksite restrictions and adoption of rules about smoking in the home, we also limited the analyses to employed indoor workers only (n = 128 024).
Women with missing responses for independent and dependent variables comprised less than 5% for all surveys (range 1.6% to 4.6%) and thus were eliminated from the analysis.
DEFINITIONS AND MEASURES
The definition of smoke free used in this analysis is identical to that used in previous studies. 9-11 14-18 For workplace policies, those workers who reported that their employer had an official policy restricting smoking and that the policy did not permit smoking anywhere in the public or common areas of their place of employment or in work areas, were labelled ''smoke free''. All other responses were combined into a single category and labelled ''smoking allowed''.
Home environments were labelled ''smoke free'' if subjects responded that ''no one is allowed to smoke anywhere'' in the home. Other response choices included ''smoking is allowed in some places or at some times'' and ''smoking is permitted anywhere''. In the data below these are labelled, ''some smoking allowed'' and ''allowed anywhere'', respectively.
Cessation measures
In our analysis, we use two measures of cessation, ''quit smoking any length'' and ''quit smoking 3+ months.'' The first measure (quit any length) includes former smokers of all durations, and therefore is the broadest measure of success because it will include large numbers of people who relapse. 19 Quit attempts lasting three or more months duration (quit 3 + months) provides a measure of longer term successful abstinence. Fully two thirds of smokers who relapse do so within 90 days, many within the first week after a quit attempt. 20 To examine changes in smoking behaviour over the past year, smoking status at time of the survey was analysed in relation to their self reported smoking status one year before survey administration, and the analyses were limited to those women who reported being daily smokers one year before the survey. Smokers were classified by the extent to which they reported different smoking behaviours at the two points in time, particularly by whether they were a former smoker (any duration) or former smoker who had been quit for three or more months at the time of the survey. The definition used to define a current or former smoker in this analysis is identical to the definition used on most federally sponsored surveys. Respondents who reported smoking at least 100 cigarettes in their lifetime and were still smoking every day at the time of interview were considered ''current daily smokers;'' respondents who reported having smoked 100 cigarettes in their lifetime but were no longer smoking at the time of interview were classified as ''former smokers.'' [21] [22] [23] Other measures In addition to demographic characteristics of education, race/ ethnicity, and age, respondents were characterised by several household attributes. Households with children younger than 5 years of age were identified as were the composition of adults and children in each household. We created three categories of household composition: multiple adults, no children; multiple adults, children; and one adult, children.
In the analysis of home smoking restrictions, households were additionally classified into four categories: all smokers; mixed (at least one current smoker in household); mixed former (at least one former smoker in household, no current smokers); all never smokers. In some households, not all adults were surveyed, and these households were classified as ''unknown''.
Analyses
The TUS-CPS provides weights for self respondents that can be used to produce population estimates. Because about 5% of the households in this analysis had more than one female indoor worker who responded to questions about restrictions in their home, their corresponding weights were scaled back by the number of qualified respondents in the household, so that these households would not be overrepresented. Logistic regression was used to investigate the relation between smoke free homes and smoke free worksites, controlling for household smoking status, individual smoking status, education, race/ethnicity, household composition, age, and occupation.
Each of the four cessation measures was modelled separately using multiple logistic regression. Variances for the analyses were obtained using SUDAAN (release 9.01) to account for the complex survey design effect of the CPS 
RESULTS
The prevalence of having a smoke free home has increased significantly during the 10 year period 1992 to 2002 (table 1) . This increase was evident across all of the categories of household smoking status, demographics, and household composition characteristics.
Households with all never smokers reported the highest frequency of smoke free homes, increasing to nearly 9 of 10 such households by 2001-02, a relative change of +33%. However, even households with all smokers reported a substantial increase in such policies. Barely 1 in 20 of these households were smoke free in 1992-93. This proportion increased to slightly more than 1 in 5 by 2001-02, a relative change of + 300%. The same pattern was seen when trends were examined by the smoking status of the person rather than the household. The highest frequencies of reported smoke free households were seen among female never smokers with daily smokers reporting the lowest frequency but the largest percentage increase. The importance of smoking status (either household or person) in influencing the odds of having a smoke free home was also confirmed in the multiple logistic regression modelling.
Prevalence of a smoke free home increased with increasing level of educational attainment. More than 8 of 10 respondents with a college degree or higher reported having a smoke free home by 2001-02 compared with 6 of 10 among those with a high school education or less. It is interesting to note, however, that the frequency of having a smoke free home reported by those with the least amount of education in 2001-02 is slightly greater than that reported by those with 16 or more years of education in the baseline survey of 1992-93 (59.9% v 57.5%). Education also emerges as a significant factor in the multiple logistic regression modelling with an odds ratio slightly greater than 1.6 for 16+ years of education compared with high school or less. Race and ethnicity was a less important factor in determining home smoking restrictions, although Asian/ Pacific Islander and Hispanic women reported significantly higher rates of having a smoke free household than did other racial/ethnic groups in both 1992-93 and 2001-02. The difference was significant in the logistic regression models as well. In 1992-93 Asian/Pacific Islander women reported a 10 percentage point higher frequency of a smoke free home than did Hispanic women, but by 2001-02, the prevalence of smoke free homes among Hispanics and Asian/Pacific Islanders was essentially identical, with 8 of 10 reporting such a home environment.
Variables associated with a lower prevalence of having a smoke free home include: employment in a worksite where smoking is permitted, living in a household with multiple adults and no children, employment in a blue collar occupation, and living in a household with no children under the age of 5. Some variation was seen by age, with women under age 25 having a higher odds of reporting a smoke free home than women ages 25-64 in the logistic regression models.
Home smoking rules and quitting behaviour
The associations of home smoking restrictions and cessation behaviour is examined in tables 2 and 3 that present the results of a multiple logistic regression analyses for two cessation measures: (1) odds ratios of being a former smoker of any duration (table 2) and (2) of being a former smoker of 3+ months (table 3) . These analyses were limited to those subjects who were daily smokers one year before interview, not living alone, and who were age 25 and older. The age limitation was used to reduce the number of smokers who might still be in the process of initiation, which would make it difficult to interpret any change seen in their smoking status. Also, by age 25, most women have completed their formal schooling and have entered the workforce. Because we were primarily interested in assessing the association between the degree of home smoking restrictions and quitting, the home smoking restrictions variable included three measures: (1) those homes that prohibit smoking anywhere in the home (smoke free), (2) those in which smoking is permitted in some areas or at some times (some smoking allowed), and (3) those in which smoking is permitted anywhere in the home (smoking permitted).
In addition to home smoking rules, other factors included in the model were: level of education, race/ethnicity, workplace restrictions, homes with young children, household composition, age, and occupation. Smoking restrictions in the home and the extent of those restrictions are the most powerful predictors of cessation of all the factors examined in the regression models for both survey years (tables 2 and 3). The odds ratios for becoming a former smoker (any length) or having quit for 3+ months increased with increasing level of home smoking restriction in both survey years. These results are highly statistically significant and the increase is of a large magnitude (tables 2 and 3).
Women living in homes where some smoking is permitted were more than twice as likely to be a former smoker of three or more months duration in both 1992-93 and 2001-02 compared with those living in homes permitting smoking anywhere in the home. Odds ratios for quitting for 3+ months were seven or greater among respondents reporting a smoke free home compared with those living in homes where (table 3) . A similar pattern is seen for cessation of any length-that is, those respondents reporting no home smoking restrictions had a lower odds of quitting for any length of time, followed by those who permitted some smoking.
Odds of longer term cessation (quit three or more months) generally increased with increasing level of education. However, this was significant only in 1998-99 (data not shown) and 2001-02. Having a smoke free worksite was somewhat associated with quitting 3+ months in 1992-93 (OR 1.30 CI 1.04, 1.63) but not in subsequent surveys. Race/ ethnicity, age, household composition, households with children under age 5, and occupation were also not associated with an increased odds ratio for either cessation measure and this was true across both surveys.
DISCUSSION
The prevalence of home smoking restrictions has increased dramatically over the past decade, and a clear majority of homes are now smoke free. Trends in home restrictions parallel trends seen in the workplace where the percentage of US indoor workers reporting a smoke free place of employment increased from just 3 % of workers in 1986 14 to 46% in 1992-93 15 and to 71% by 2001-02. 7 These changes in home and workplace smoking restrictions are largely responsible for the significant decline in serum cotinine concentrations (a metabolite of nicotine) found among US non-smokers ages 3 and above between 1988-91 and 1999-00. 24 According to the third national report on human exposure to environmental chemicals, mean cotinine concentrations declined 68% in children, 69% in adolescents, and 75% in adults during this time period. 24 In this analysis of employed women not living alone, the prevalence of smoke free homes increased significantly among every demographic and household characteristic examined with the largest proportional increases occurring among smokers and smoker related households, although these groups still lag significantly behind others in the reported frequency of such restrictive policies. Nearly 90% of households composed of all never smokers were smoke free by 2001-02 compared with just 22% of households with all current smokers.
Smoking status of the household was the strongest predictor of adopting a smoke free home policy, followed by smoking status of the person. Households composed of all never smokers were 7 to10 times more likely to have a smoke free home than were households composed of all current smokers. Those mixed households composed of a least one former smoker but no current smokers were five to six times more likely to adopt such a policy, and those mixed households with at least one current smoker were less than twice as likely to have a smoke free home than all smoker households. Odds ratios for having a smoke free home were 2.0 or less among all remaining variables examined.
In this analysis we attempted to look at the association between home smoking restrictions and two measures of cessation: cessation for any length of time and cessation of three or more months. Logistic regression modelling shows that women who were daily smokers 12 months previously are much more likely to be quit at the time of the survey as well as to have been abstinent for 3+ months if they have a smoke free home. After controlling for a number of demographic and household characteristics including age, education, race/ethnicity, worksite policies, household composition, and occupation, home smoking restrictions were more highly correlated with both cessation measures than were any other characteristic or variable examined. Odds ratios of being quit and being quit for 3+ months were between seven and eight times greater among women living in no smoking households compared with those living in households where smoking was permitted anywhere in the home. The odds ratios for these cessation measures among women living in homes where smoking is permitted in some areas of the home were over two times higher than women who lived in homes where smoking is permitted anywhere in the home.
Because these data focus exclusively on women, we undertook a separate analysis of men in an effort to see if a similar pattern is found. The analytical approach used for men was identical to that used for women (see methods section). Overall, the pattern we found for women was also seen among men. The percentage of men who reported having a smoke free home was similar to the percentage reported by women and this was true across all variables and for both points in time. Similarly, those variables in the multiple regression analysis that were associated with a statistically significant higher odds of having a smoke free home among women were also significant among men, with one important distinction, male odd ratios for having a smoke free home were greater than the odds ratios among women when the data are analysed by the smoking status of the household but slightly lower than the odds ratio in women when the data are examined by the smoking status of the person.
Findings from the multiple logistic regression modelling of quitting any length and quitting 3+ months, were also similar in both sexes. For example, in 2001-02, an odds ratio of 4.95 (CI 3.43, 7.15) for quitting any length and 7.58 (CI 4.46, 12.89) for quitting 3+ months, was found among those men reporting a smoke free home compared with men reporting no home smoking restrictions. The corresponding odd ratios for women were 6.54 (CI 4.61,9.28) and 7.08 (CI 4.45,11.26) for quitting any length and quitting 3+ months, respectively.
The primary goal of any policy banning smoking is to protect non-smokers from a known health risk. Smoke free policies have an added benefit, which is to help reduce smoking prevalence and increase cessation. Studies have consistently shown that smoke free workplace policies can substantially reduce daily cigarette consumption, increase cessation, and aid in the cessation process by providing a more supportive environment for those smokers making a quit attempt. 20 Although the preponderance of studies published to date have focused on the workplace, evidence is now beginning to accumulate on the correlation between home smoking restrictions and changes in smoker behaviour among both adults [25] [26] [27] [28] [29] [30] [31] and adolescents. [32] [33] [34] Analysing data from the earlier 1992-93 CPS, Farkas et al found a statistically significant correlation between home smoking restrictions and both quit attempts and successful quitting, defined as quit for six or more months, among more than 48 000 adult smokers; furthermore, household restrictions were more strongly correlated with both cessation outcomes compared with workplace restrictions. 25 Using a stages of change model Pizacani et al conducted a 21 month follow up of 565 smokers to assess the association between home smoking restrictions and changes in smoking behaviour. Odds ratios above 4.0 were seen for both 7 day and 90
Policy implications
If the association between a smoke free home and quitting behaviour proves real, programmes promoting adoption of such policies could become just as important as programmes promoting workplace smoking restrictions for reducing smoking prevalence while helping to eliminate non-smoker exposure to the health risks of secondhand smoke. day smoking abstinence but only among those smokers classified as being in the preparation stage at baseline. 26 Another study based on a stage of change model conducted among a small sample of inner city black smokers participating in a community cessation programme (n = 311), reported higher odds of adopting home smoking restrictions with increased progress in stages of change. 27 Gilpin et al investigated the association between home smoking restrictions and smoking behaviour among a random sample of Californian adult smokers in 1996. Intention to quit in next six months was significantly associated with restrictive home policies but only among those smokers whose family expressed a preference that the smoker did not smoke. They concluded that restrictions were associated with a higher frequency of recent quit attempts and that such policies seem to prolong time to relapse after cessation. 28 In a second Californian study, smokers with a home smoking ban were more likely to have made a quit attempt in the past year than smokers without a home ban but this effect was not statistically significant (OR 1.80 CI 0.94, 3.37). However, smokers living in a smoke free household consumed significantly fewer cigarettes per day and were twice as likely to be interested in quitting compared with smokers with no home restrictions. 29 Australian investigators conducted a subsample analysis of 2526 respondents to the 1998 national drug strategy household survey and found the odds of having quit smoking were 4.5 times greater among respondents who lived in households where smoking was not permitted than for those living in homes with no restrictions. 30 In addition to adults, a limited number of studies have assessed the impact of home smoking restrictions on the smoking status of adolescents. In general, these studies found home smoking restricts were associated with several positive outcomes, including a reduced likelihood of adolescent initiation, an increased odds of being a former smoker, or being in an earlier stage of smoking update, compared with adolescents who lived in households with no restrictions. [32] [33] [34] Although, the association between smoke free homes and cessation in our analysis was highly significant (p,0.0001), it is not clear to what degree these differences in cessation can be directly attributed to the adoption of restrictive home policies. It is unknown, for example, how much of the association seen is attributable to women who quit because they live in a smoke free home and how much is attributable to women who are in the process of quitting adopting rules prohibiting smoking anywhere in the home. Farkas and colleagues postulate three ways in which home restrictions could be correlated to changes in behaviour: (1) restrictions, more specifically total bans, may actually cause changes in smoker behaviour; (2) changes in behaviour may lead to adoption of restrictive home policies particularly in an effort to reduce recidivism-that is, people who are contemplating a quit attempt may declare their homes smoke free in an effort to improve their chances of long term success; and (3) both quitting and adoption of home smoking restrictions may occur simultaneously both for relapse prevention and to eliminate exposure to a known health threat for the benefit of other household members and non-smoking guests-many people may simply ban smoking in the home concurrent with or immediately after cessation, in an effort to reduce smoking cues and thereby reduce their odds of relapse. 25 Findings in this analysis are subject to several limitations. Firstly, the study population involves a unique subpopulation of employed women not living alone and thus may not apply to women in general. Secondly, the data are cross sectional, not longitudinal, and thus can only provide limited insight into the possible causal association between restrictive home policies and quitting behaviour of smokers reporting such policies. Thirdly, reporting bias and smoker misclassification cannot be ruled out. As smoking prevalence and the social acceptability of cigarette smoking continues to decline, people may feel pressured to provide socially desirable responses, particularly in households with young children. 26 Mumford and colleagues, analysing 1998-99 CPS data, estimated that 12% of sample households provided inconsistent reports about home smoking bans, with multimember smoker households substantially less likely to consistently report home bans. 35 A similar finding was reported among a sample of Californian smokers by Gilpin et al where responses were concordant in 82% of cases. However, among discrepant responses, the discrepancy was more likely that the smoker reported no home smoking restrictions whereas other household members reported the presence of restrictions. 28 Finally, all data analysed in this report are based on self reports, including changes in smoking status, without biochemical validation. To what degree misrepresentation of smoking status occurs among self reported former smokers participating in large national surveys is unclear. In a metaanalysis of 30 published reports on the validity of self reported smoking involving samples ranging from several hundred to several thousand, Patrick et al found that studies comparing self reported smoking status with results of biochemical validation were generally high, especially among observational studies using interviewer administered questionnaires, with sensitivity and specificity levels for self reports approaching 90%. 36 A conclusion similar to that reached in the 1990 surgeon general's report on the benefits of quitting. 37 None the less, the sevenfold to eightfold greater odds of quitting for three or more months associated with a smoke free home found in this analysis is significantly greater than the odds of quitting found in most workplace studies [8] [9] [10] [11] and merits further investigation. Most home restrictions are adopted voluntarily while worksite policies are almost always imposed through regulation, either mandated by legislation, or decisions imposed by management. 38 39 An extensive literature base clearly shows that smoke free workplace policies are strongly correlated with various changes in smoker behaviour, including a number of important reviews on the topic. 8 10 11 40-42 To what degree workplace smoking restriction may influence adoption of home smoking restrictions has not received as much attention by the scientific community. Gower and colleagues, analysing two earlier waves of the CPS, found an association between working in a smoke free place of employment and a higher prevalence of reported smoking restrictions in the workers' homes. Less than a smoke free policy at work was not associated with adoption of home smoking restrictions. 11 Australian investigators conducted a logistic regression analysis on over 17 000 respondents to the 1998 NSW health study and found being employed in smoke free workplaces increased the likelihood of having a smoke free home for both current and former smokers (OR = 1.6, OR = 1.2 respectively). 43 A finding similar to ours for women, (OR = 1.4 for smokers and non-smokers combined) at both baseline and 10 years later. Male odds ratios were 1.5 at both points in time. Finally, home smoking restrictions can also provide a supportive social environment
What this paper adds
The sevenfold to eightfold greater odds of quitting smoking for three or more months associated with a smoke free home found in this analysis is significantly greater than the odds of quitting found in most workplace studies and deserves further investigation.
to remain abstinent from smoking, similar to that seen for workplace restrictions, by reducing cues and messages that encourage smoking and thereby reduce chances of relapse. 44 Some state tobacco control programmes, such as those in California, have conduced periodic mass media and educational programmes in an effort to educate the public about the dangers of secondhand smoke in the home, and the US Environmental Protection Agency has sponsored an ongoing national educational campaign asking adult smokers to ''take a smoke-free home pledge'' as a means of reducing the risks of childhood asthma associated with exposure to secondhand smoke. 29 45 46 If the association between a smoke free home and quitting behaviour identified in our analysis proves real, programmes promoting adoption of such policies could become just as important as programmes promoting workplace smoking restrictions for reducing smoking prevalence while helping to eliminate non-smoker exposure to the health risks of secondhand smoke. Such a finding would have strong implications for health care workers and public health officials alike, especially those involved in programmes that reach families with small children and women who are pregnant. 
